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Abstract: 

A method of forming a ply member such as a carcass ply for a radial tire, wherein 
the ply member is formed from a plurality of belt-shaped members (6) having a 
width obtained by multiplying pi inches by an integra number (1, 2, 3, ...) and a 
constant length. These belt-shaped members are successively attached one by 
one onto a forming drum (1) having an outer circumferential length obtained by 
multiplying pi inches by an integral number so that the side edges of the 
belt-shaped members are arranged in parallel with the axis of the forming drum. 
The adjacent side edges of the belt-shaped members in circumferential 
directions of the forming drum are forced closer together to butt-join the faces of 
the side edges with each other. In the case that the forming drum (1) is a 
polygonal cylindrical forming drum whose one side of the polygon has a length 
obtained by multiplying pi inches by an integral number, the belt-shaped 
members are more easily attached to the forming drum. 
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(g) Method of forming ply member. 

@ A method of forming a ply member such as a 
carcass ply for a radial tire, wherein the ply 
member is formed from a plurality of belt- 
shaped members (6) having a width obtained by 
multiplying it inches by an integral number (1, 
2, 3, ...) and a constant length. These belt- 
shaped members are successively attached one 
by one onto a forming drum (1) having an outer 
circumferential length obtained by multiplying 
tt inches by an integral number so that the side 
edges of the belt-shaped members are arranged 
in parallel with the axis of the forming drum. 
The adjacent side edges of the belt-shaped 
members in circumferential directions of the 
forming drum are forced closer together to 
butt-join the faces of the side edges with each 
other. In the case that the forming drum (1) is a 
polygonal cylindrical forming drum whose one 
side of the polygon has a length obtained by 
multiplying ir inches by an integral number, the 
belt-shaped members are more easily attached 
to the forming drum. 
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This invention relates to a method of forming a ply 
member, particularly a carcass ply for a radial tire. 

A method of forming ply members of this kind 
hitherto used was disclosed in Japanese Patent 
Application Laid-open No. 49-76,978. In this dis- 
closed method, after the outer circumferential length 
of a forming drum is divided into n sections of equal 
circumferential lengths, n pieces of belt-shaped mem- 
bers are progressively attached to the respective 
divided sections of the outer circumference of the 
forming drum so that the belt-shaped members 
extend in parallel with the axis of the forming drum to 
form a carcass ply. 

In this method of the prior art, however, when 
sizes of tires or diameters of forming drums are 
changed, it is required to change widths of belt-sha- 
ped members. Therefore, belt-shaped members hav- 
ing widths compatible with the diameters of forming 
drums must be prepared for forming drums to be 
used. In other words, every time when diameters of 
forming drums are changed, different belt-shaped 
members must be supplied to a feeder so that proces- 
ses for forming ply members are considerably 
increased and spaces for storing a lot of kinds of belt- 
shaped members are also increased. 

In this method of the prior art, moreover, a 
plurality of belt-shaped members are attached on the 
outer circumferential surface of a forming drum in 
overlapping or abutting state. With the former state, 
the overlapping portions of formed ply members are 
higher than the remaining portions so that tires pro- 
duced from such ply members including the overlap- 
ping portions are poor in uniformity. With the latter 
state, there are mixed with overlapping portions and 
not joined portions at the abutting edges of the belt- 
shaped members attached around the forming drum 
in connection with extending directions of embedded 
reinforcing cords. Consequently, the quality of joined 
portions does not fulfill the usual requirement and the 
uniformity of produced tires becomes insufficient. 

It is a primary object of the invention to provide a 
method of forming a ply member, which overcomes all 
the problems of the prior art and which need not 
change of belt-shaped members of different widths 
even if diameters of forming drums are changed, and 
eliminates the need for changing operation and for 
storing of various kinds of belt-shaped members. 

It is another object of the invention to provide a 
method of forming a ply member, which is able to pro- 
duce tires superior in uniformity and joined quality by 
forcing closer together the faces of side edges of belt- 
shaped members adjacent in circumferential direc- 
tions to perform the butt-joining of them. 

In order to accomplish these objects, in a method 
of forming a ply member by successively attaching a 
plurality of belt-shaped members of a constant length 
to a whole circumference of a forming drum and by 
butt-joining side edges of the belt-shaped members 



adjacent circumferentially of the forming drum, the 
method according to the invention comprises steps of 
forming the belt-shaped members to have a width 
obtained by multiplying n inches by an integral num- 

5 ber; successively attaching these belt-shaped mem- 
bers one by one onto a forming drum having an outer 
circumferential length obtained by multiplying it 
inches by an integral number so that side edges of the 
belt-shaped members are arranged in parallel with the 

10 axis of the forming drum; and forcing closer together 
the adjacent side edges of the belt-shaped members 
in circumferential directions of the forming drum to 
butt-join the faces of the side edges with each other. 
In a preferred embodiment, the forming drum is a 

15 polygonal cylindrical forming drum, whose one side of 
the polygon has a length obtained by multiplying n 
inches by an integral number, for example, n inches, 
and the belt-shaped members are attached to flat sur- 
faces of the forming drum one by one. 

20 Moreover, the forcing step preferably includes 
projecting a plurality of pin members through slits 
extending in the axial direction of the forming drum, 
which pin members are formed in the forming drum 
with an interval corresponding to the width of the belt- 

25 shaped members in the circumferential direction of 
the forming drum, bringing the faces of the side edges 
of the belt-shaped members adjacent in the circumfe- 
rential directions into contact with the pin members to 
produce slacks of the side edges of the belt-shaped 

30 members by contracting the forming drum to reduce 
its diameter, and after retracting the pin members 
radially inwardly, applying circumferential pulling for- 
ces to the slacks of the side edges on inner and outer 
sides of the forming drum to accomplish the butt-join- 

35 ing of the faces of the side edges of the belt-shaped 
members. 

In the method according to the invention, the 
width of belt-shaped members as constituent mem- 
bers of a ply member is always, for example, n inches 

40 which is a value obtained by dividing the outer circum- 
ferential length of the forming drum by an integral 
number regardless of diameters of forming drum. 
These belt-shaped members having such a width can 
be successively attached to the outer circumferential 

45 surface of the forming drum with side edges of these 
members extending in parallel with the axis of the 
forming drum to cover just over all the outer circum- 
ferential surface or surfaces. With this arrangement, 
the belt-shaped members of this kind are applicable 

so to various kinds of forming drums without changing 
belt-shaped members of different widths. Therefore, 
the method according to the invention eliminates the 
need for preparing various kinds of belt-shaped mem- 
bers different in width, for storing these various kinds 

55 of belt-shaped members in great spaces, and for 
changing the widths of belt-shaped members depend- 
ing upon diameters of forming drums. Accordingly, the 
method according to the invention is very advan- 
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tageous in operation efficiency and occupied space. 

According to the invention, moreover, by forcing 
closer together adjacent side edges of the belt-sha- 
ped members in circumferential directions of the form- 
ing drum to butt-join the faces of the side edges with 
each other, the faces of the side edges of belt-shaped 
members can always be properly and strongly joined 
with the faces of the side edges of the adjacent mem- 
bers, as a result of which tires superior in uniformity 
and joined quality can be produced. 

Furthermore, if the forming drum is a polygonal 
cylindrical forming drum, whose one side of the poly- 
gon has a length obtained by multiplying it inches by 
an integral number, for example, n inches, and the 
belt-shaped members are attached to flat surfaces of 
the forming drum one by one, the belt-shaped mem- 
bers are very easily attached to the forming drum. 

Moreover, the faces of the side edges of the belt- 
shaped members adjacent in the circumferential 
directions are brought into contact with the pin mem- 
bers extending through slits of the forming drum to 
produce slacks of the side edges of the belt-shaped 
members by contracting the forming drum to reduce 
its diameter. After the pin members are retracted 
radially inwardly, circumferential pulling forces are 
applied on inner and outer sides of the forming drum 
to the slacks of the side edges to accomplish the butt- 
joining of the faces of the side edges of the belt-sha- 
ped members. The faces of the side edges of the 
belt-shaped members can be more exactly joined with 
each other with high joining strength in this manner. 

While the belt-shaped members have the width of 
k inches is explained in the above description, the 
width may be 2it inches or 3it inches. In such a case, 
the number of the belt-shaped members is one half or 
one third of the number of the members having the 
width of it inches. 

The invention will be more fully understood by ref- 
erring to the following detailed specification and 
claims taken in connection with the appended draw- 
ings. 

Fig. 1 is a perspective view exemplarily illustrat- 
ing an apparatus for carrying out the method 
according to the invention; 
Fig. 2 is a schematic cross-sectional view of a 
forming drum for exemplarily illustrating joining 
means for side edges of belt-shaped members in 
carrying out the method according to the inven- 
tion; 

Figs. 3a, 3b, 3c and 3d are partial sectional views 
exemplarily illustrating butt-joining processes in 
carrying out the method according to the inven- 
tion; 

Fig. 4a is a perspective view illustrating another 
apparatus for carrying out the method according 
to the invention; and 

Fig. 4b is a schematic sectional view of the 
apparatus shown in Fig. 4a. 



Referring to Fig. 1 which is a schematic perspec- 
tive view illustrating one embodiment of the method 
according to the invention, a long strip 2 is steadily 
supplied to a forming drum 1 which is cylindrical and 

5 arranged at a predetermined position. 

The long strip 2 supplied into the axial direction of 
the forming drum 1 by a feeding conveyor 3 has a 
width obtained by multiplying it inches by an integral 
number (positive number). The width of the long strip 

10 2 is, for example, it inches (integral number=1) in this 
embodiment Every time when part of the long strip 2 
having a predetermined length has moved onto a con- 
stant length member feeding conveyor 4, the strip 2 
is cut off in the predetermined length by a cutter 5 pro- 
fs vided between the conveyors 3 and 4 stopped at the 
moment to form a belt-shaped member 6. Belt-sha- 
ped members 6 are formed one by one in this manner. 

The belt-shaped member 6 thus formed having 
the predetermined length is transferred by the con- 

20 stant length member feeding conveyor 4 extending 
immediately below the forming drum 1 to a predeter- 
mined position relative to the forming drum 1. When 
the belt-shaped member 6 has arrived at the predeter- 
mined position, the constant length member feeding 

25 conveyor 4 itself is raised to attach the belt-shaped 
member 6 with side edges thereof extending in paral- 
lel with the rotating axis of the forming drum 1 to the 
outer circumferential surface of the forming drum 1 
which has been previously indexed in a predeter- 

30 mined angular position. 

Thereafter, the forming drum 1 is indexed by the 
center angle corresponding to the circumferential 
length of % inches, while the next belt-shaped member 
6 is transferred to the predetermined position by the 

35 constant length member feeding conveyor 4. The belt- 
shaped member 6 is then raised by the raising move- 
ment of the conveyor 4 to attach the belt-shaped 
member 6 to the forming drum 1 . The same operation 
is then successively repeated until belt-shaped mem- 

40 bers 6 have been attached to the entire circumference 
of the forming drum 1. 

In this manner, all the plural belt-shaped mem- 
bers 6 having the width of n inches in this embodiment 
are snugly attached to the outer circumference of the 

45 forming drum 1 without clearance or overlapping, 
regardless of diameters of the forming drums 1. 
Therefore, it is possible to eliminate substantially all 
the difficulties due to preparation and storage of vari- 
ous kinds of belt-shaped members and exchanging of 

so belt-shaped members corresponding to diameters of 
forming drums. 

In connection with the outer circumferential 
length of the forming drum 1 , the width of one belt- 
shaped member 6 may be 2k inches, 3n inches and 

55 so on. If the width of the belt-shaped member 6 is 2it 
inches or 3it inches, the number of the members 6 
attached to the outer circumference of the forming 
drum 1 may be one half or one third of the number of 
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the members 6 having the width of « inches. 

In conjunction with the attaching of the constant 
length belt-shaped members 6 described above, the 
belt-shaped members 6 adjacent one another on the 
circumference of the forming drum 1 are forced closer 5 
together in the circumferential directions of the drum 
1 so that the side edges of the members 6 are brought 
into abutment against and butt-joined with each other. 

Such a butt-joining of the side edges of the belt- 
shaped members 6 can be performed by means of so- 10 
called "zippers" disclosed in Japanese Patent 
Application Laid-open Nos. 58-29,647 and 63-1,531. 
As an alternative, it may be effected by applying cir- 
cumferential attractive forces to the adjacent belt-sha- 
ped members 6 from the inside and outside of the 15 
forming drum 1 by means of the apparatus proposed 
by the applicant of the present application in Japan- 
ese Patent Application Laid-open No. 1-236,710. 

In carrying out the latter method, as shown in a 
schematic cross-sectional view of Fig. 2, a plurality of 20 
inner joining means 7 are arranged with a circumfe- 
rential interval corresponding to the width of the belt- 
shaped members 6 in the forming drum 1. On the 
other hand, a joint device 9 having outer joining 
means 8 is arranged at one position outside the form- 25 
ing drum 1 . When side edges of the adjacent belt-sha- 
ped members opposite to the inner joining means 7 
have arrived at the position in opposition to the outer 
joining means 8 upon indexing the forming drum 1 as 
shown in Fig. 2, the inner and outer joining means 7 30 
and 8 are actuated to apply external forces pulling the 
edges of the adjacent members 6 toward each other. 
As a result, the faces of the side edges of the adjacent 
belt-shaped members 6 are sufficiently strongly butt- 
joined with each other with the aid of the joining 35 
means 7 and 8 inside and outside the forming drum 
1. 

The joining operation described above will be 
explained in detail with reference to Figs. 3a to 3d 
illustrating the butt-joining process. Fig. 3a illustrates 40 
the forming drum 1 which has expanded to enlarge its 
diameter to an intermediate extent and two adjacent 
belt-shaped members 6 whose side edges are 
spaced from each other with a certain clearance 
which has been brought into opposition to the outer 45 
joining means 8 by indexing the forming drum 1. The 
forming drum 1 includes arcuate segments 12 whose 
segment pieces 12a define slits 11 therebetween 
extending in axial directions of the forming drum 1 on 
its circumference. The segment pieces 12a of the so 
arcuate segments 12 are then rocked radially inwardly 
about their pivot pins 13 to bring the adjacent ends of 
the segment pieces 12a into contact with joining 
pawls 7a of the inner joining means 7, respectively, as 
shown in Fig. 3b. At the same time, pin members 14 55 
are caused to project radially outwardly from the 
inside of the forming druml through the slit 11 so that 
the outer ends of the pin members 14 project out of 



the forming drum. 

Under this condition, the faces of the side edges 
of the adjacent belt-shaped members 6 are closely 
adjacent each other and closely adjacent the pin 
members 14, as a result of the rocking movement of 
the segment pieces 12a of the arcuate segments 12. 

Thereafter, the forming drum 1 is contracted to 
reduce its diameter to its minimum value so that the 
arcuate segments 12 are moved radially inwardly. As 
a result, the side edges of the belt-shaped members 
6 are free from the attraction of the arcuate segments 
12 and relaxed to cause slacks so that they expand 
radially outwardly, while they are in contact with the 
pin members 14 as shown in Fig. 3c. 

In this case, a number of the pin members 14 
extend radially outwardly along the slit 1 1 and the 
faces of the side edges of the belt-shaped members 
6 abut against the pin members 14 so that the clear- 
ance between the faces of the side edges of the belt- 
shaped members 6 are kept at a predetermined value. 
Therefore, upon butt-joining the faces of the side 
edges as later described, the snug joining is accom- 
plished with high joining strength. 

Thereafter, joining pawls 8a of the outer joining 
means 8 are displaced toward the inner joining means 
7, while at the same time the pin members 14 are ret- 
racted radially inwardly so that the side edges of the 
belt-shaped members 6 are embraced between the 
joining pawls 7a and 8a of the inner and outer joining 
means 7 and 8. The displacement of the joining pawls 
8a continues to urge the joining pawls 7a radially 
inwardly so that the joining pawls 7a and 8a are pivot- 
ally rotated about the respective pivotal pins against 
urging forces of elastic means (not shown) as shown 
in Fig. 3d. In this manner, the joining pawls 7a pull the 
side edges of the belt-shaped members 6 on the inner 
side and the joining pawls 8a pull the side edges of the 
members 6 on the outer side toward each other so 
that the butt-joining of the side edges of the belt-sha- 
ped members 6 is established. 

After the one butt-joining of the two adjacent belt- 
shaped members 6 has been completed, the outer 
joining means 8 is returned to the initial position as 
shown in Fig. 3a, with the result that the joining pawls 
7a and 8a of the respective joining means 7 and 8 are 
returned into original positions by the action of the 
elastic means (not shown). 

The the forming drum 1 is then expanded to return 
its diameter to the intermediate extent. Thereafter, the 
indexing of the forming drum 1 and the butt-joining 
described above are successively performed for all 
the joining portions of adjacent belt-shaped members 
6. As a result, all the attachment of belt-shaped mem- 
bers 6 to the entire circumference of the forming drum 
1 and all the butt-joining of the side edges of the belt- 
shaped members 6 are performed so that the forming 
of a ply member on the forming drum 1 is completed. 

Bead rings are then secured to the ply member 
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thus formed on the forming drum, and a belt member, 
a tread member and the like are then attached to the 
ply member. This assembly is then formed and vul- 
canized to obtain a final tire. 

Fig. 4 illustrates another forming drum for carry- 5 
ing out the method according to the invention. The 
forming drum 1 is in the form of a hexagonal cylinder, 
one side of the hexagon being a length obtained by 
multiplying n inches by an integral number, for 
example, 2n inches (integral number =2) in this embo- 10 
diment. Six belt-shaped members 6 are attached to all 
the six flat surfaces of the hexagonal cylinder, re- 
spectively, and side edges of the belt-shaped mem- 
bers 6 are butt-joined with each other. 

In order to attach the six belt-shaped members 6 15 
to the hexagonal forming drum 1, a plurality of belt- 
shaped members 6 having a width of 2n inches are 
previously piled and held in a rack 21. A feeding con- 
veyor 22 supporting thereon the rack 21 is reciprocat- 
ing movable toward and away from the forming drum 20 
1 and movable upward and downward. The belt-sha- 
ped members 6 are taken out of the rack 21 one by 
one through guide members 23. Each of the belt-sha- 
ped members 6 taken out of the rack 21 is transferred 
in the state extending in parallel with the axis of the 25 
forming drum 1 from the feeding conveyor 22 onto a 
transverse feeding conveyor 24. The belt-shaped 
member 6 is then transferred to a position 
immediately below one flat surface of the forming 
drum 1 by the transverse feeding conveyor 24. The 30 
belt-shaped member 6 is raised and attached to the 
flat surface of the forming drum 1 by means of a plate 
26 adapted to be lifted by a cylinder 25. The similar 
attaching operation is repeated for remaining flat sur- 
faces of the forming drum 1 adapted to be indexed, 35 
thereby completing the attachment of all the belt-sha- 
ped members 6 to the forming drum 1. 

On the other hand, the faces of the side edges of 
the belt-shaped members 6 thus attached to the 
hexagonal forming drum 1 are butt-joined with each 40 
other on ail axially extending corners of the forming 
drum 1 in substantially the same manner as described 
above with the aid of inner joining means 7 arranged 
at inner comers of the forming drum 1, single outer 
joining means 8 arranged at one position outside the 45 
forming drum 1, and a plurality of pin members 14 
adapted to project through the comers of the forming 
drum 1 and to retract into the drum radially inwardly. 
The forming of a ply member is completed in this man- 
ner, so 

According to this embodiment, the belt-shaped 
members 6 are easily attached to the forming drum 1 
in a more reliable manner, inasmuch as the surfaces 
of the forming drum 1 are flat 

According to the invention, the widths of all the 55 
belt-shaped members 6 are the same values obtained 
by multiplying n inches by an integral number so that 
the belt-shaped members can be applicable to form- 



ing drums regardless of their drum diameters. There- 
fore, the method according to the invention eliminates 
the need for preparing various kinds of belt-shaped 
members different in width, for storing these various 
kinds of belt-shaped members in wide spaces, and for 
changing the widths of belt-shaped members depend- 
ing upon diameters of forming drums. As a result, the 
method according to the invention can greatly 
improve the operation efficiency and sufficiently save 
the storing spaces. 

In the method according to the invention, 
moreover, side edges of adjacent belt-shaped mem- 
bers 6 are forced closer together toward each other so 
as to butt-join them to accomplish high quality joining. 
Such an effect is particularly acute in pulling closer 
together the side edges on the inner and outer sides 
of the forming drum, and in this case the joining 
strength is also improved. 

As can be seen from the above explanation, 
according to the invention belt-shaped members of 
single kind are applicable to various kinds of forming 
drums. Therefore, it is possible to considerably 
reduce process steps for producing and storing vari- 
ous kinds of belt-shaped members and to save 
spaces for storing them. In addition thereto, changing 
of belt-shaped members of various sizes is not 
needed so that the operation efficiency can be greatly 
improved. 

According to the invention, moreover, by perform- 
ing the butt-joining of side edges of belt-shaped mem- 
bers by forcing the side edges closer together toward 
each other, the side edges can be butt-joined with 
high strength in sufficient accuracy. 

While the invention has been particularly shown 
and described with reference to preferred embodi- 
ments thereof, it will be understood by those skilled in 
the art that the foregoing and other changes in form 
and details can be made therein without departing 
from the spirit and scope of the invention. 



Claims 

1. A method of forming a ply member by succes- 
sively attaching a plurality of belt-shaped mem- 
bers (6) of a constant length to the circumference 
of a forming drum (1) and by butt-joining side 
edges of the belt-shaped members adjacent cir- 
cumferentially of the forming drum, comprising 
steps of: 

forming belt-shaped members (6) to have 
a width obtained by multiplying n inches by an in- 
tegral number; 

successively attaching the belt-shaped 
members one by one onto a forming drum (1 ) hav- 
ing an outer circumferential length obtained by 
multiplying n inches by an integral number so that 
side edges of the belt-shaped members are 
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arranged in parallel with the axis of the forming 
drum; and 

forcing closer together the adjacent side 
edges of the belt-shaped members in circumfe- 
rential directions of the forming drum to butt-join 5 
the faces of the side edges with each other. 

2. A method as claimed in claim 1 , characterized in 
that the forming and attaching step includes sup- 
plying a long strip (2) having a width obtained by 10 
multiplying n inches by the integral number by a 
feeding conveyor (3) t progressively cutting off the 
long strip into belt-shaped members (6) having a 
predetermined length by a cutter (5) provided be- 
tween the feeding conveyor (3) and a constant 15 
length member feeding conveyor (4) each time 
the part of the long strip has moved onto the con- 
stant length member feeding conveyor, transfer- 
ring the belt-shaped members one by one to a 
predetermined position relative to the forming 20 
drum (1), and raising the constant length member 
feeding conveyor (4) to attach the belt-shaped 
members with side edges thereof extending in 
parallel with the rotating axis of the forming drum 
to the outer circumference of the forming drum 25 
one by one. 



slits (11) extending in the axial direction of the 
forming drum (1 ), said pin members being formed 
in the forming drum with an interval correspond- 
ing to the width of the belt-shaped members (6) 
in the circumferential direction of the forming 
drum, bring the faces of the side edges of the belt- 
shaped members adjacent in the circumferential 
directions into contact with the pin members to 
produce slacks of the side edges of the belt-sha- 
ped members by contracting the forming drum to 
reduce its diameter, and after retracting the pin 
members radially inwardly, applying cirucmferen- 
tial pulling forces to the slacks of the side edges 
on inner and outer sides of the forming drum to 
effect butt-joining of the faces of the side edges 
of the belt-shaped members. 



3. A method as claimed in claim 1 , characterized in 
that the forming drum (1 ) is a polygonal cylindrical 
forming drum, one side of the polygon having a 30 
length obtained by multiplying n inches by an in- 
tegral number, and the belt-shaped members (6) 

are attached to flat surfaces of the forming drum 
one by one. 

35 

4. A method as claimed in claim 3, characterized in 
that the forming and attaching step includes sup- 
plying a plurality of belt-shaped members (6) hav- 
ing a width and a predetermined length one by 

one from a rack (21) accommodating therein the 40 
piled belt-shaped members onto a feeding con- 
veyor (22) reciprocatingly movable toward and 
away from the forming drum (1) and movable 
upward and downward, transferring the belt-sha- 
ped members one by one in a state extending in 45 
parallel with the axis of the forming drum from the 
feeding conveyor (22) onto a transverse feeding 
conveyor (24) and to a position immediately 
below one flat surface of the forming drum, and 
raising the belt-shaped members one by one, so 
preferably by means of a plate (26) raised by a 
cylinder (25), to attach the belt-shaped members 
one by one to the flat surfaces of the forming drum 
indexed with each flat surface. 

55 

5. A. method as claimed in any of claims 1 to 4, 
characterized in that the forcing step includes 
projecting a plurality of pin members (14) through 
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F/G.3a FIG.3b 




F IG.3c FIG.3d 




8 




9 

Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



